Abstract. Using a new s-nucleosynthesis code coupled with the stellar evolution code Star2003, simulations have been performed to study the impact of convection treatment on the s-process during core He-burning of a 25 M ⊙ star (ZAMS mass) with initial solar metallicity. A diffusive approach, with the diffusion constant proportional to the convective velocity obtained from the mixing length theory, has been used to model mixing. Particular attention has been devoted to the role played by convective overshooting, to analyse how the s-process efficiency is influenced by the particular choice of the overshooting parameter value. The results show enhancements of about a factor 2-3 in s-process efficiency (measured as the average overproduction factor of the 6 s-only nuclear species with 60 A 90) with overshooting parameter values in the range 0.01-0.04, compared to results obtained with the same model but without overshooting. The impact of these results on the p-process model based on type II supernovae is discussed.
Introduction
As already pointed out by Clayton (1968) , it is now widely accepted that s-nuclei are formed via neutron exposures on iron-peak nuclei and it is also clear that more than one event (or s-process "component") with a single set of physical conditions (like neutron exposure τ, initial abundances and neutron density) is necessary in order to account for the observed solar distribution of s-nuclei abundances.
Current views on the subject suggest the existence of two components: one is the so-called "main" component which should occur on low-intermediate mass stars (∼ 1-5 M ⊙ ) during their AGB phase and which should be responsible for the synthesis of s-species up to 209 Bi (Gallino et al. 1998; Busso et al. 1999 Busso et al. , 2001 Lugaro et al. 2003) ; the other is the so-called "weak" component which should give birth to s-species in the 60 A 90 mass range, taking place in massive (M 10 M ⊙ ) stars during their core He-burning phase (as first proposed by Peters (1968) ).
Send offprint requests to: V. Costa Some authors (Gallino et al. 1998; Busso et al. 1999 , Käppeler 1999 Lugaro et al. 2003 ) also suggest the existence of a "strong" component which should be responsible for the synthesis of s-species around 208 Pb that are not accounted for by the main component. The strong component should occur on low-metallicity stars of lowintermediate mass during AGB phase. In fact in lowmetallicity stars, the s-process operates more efficiently because there are fewer neutron poisons.
Concerning the weak component, although the general features of s-nucleosynthesis seem to be well established, there are still ambiguities and uncertainties. Some authors (see e.g. Raiteri et al. 1993; The et al. 2000; Hoffman et al. 2001 , Woosley et al. 2002 suggest that this process might be prolonged during subsequent post-He-burning stellar evolutionary phases, so that the sabundances at the end of core He-burning could be modified, but this hypothesis still needs further investigation (Arcoragi et al. 1991; The et al. 2000; Rayet & Hashimoto 2000 , Woosley et al. 2002 . Besides, both the above listed nuclear mass range for the weak component and the overall efficiency of the process are subject to significant un-certainties, coming from both the nuclear physics and astrophysical modelling aspects of the problem.
Uncertainties due to nuclear physics are connected to the value of 12 C(α, γ) 16 O reaction rate (with its impact on the stellar core structure) and to reaction rates on which the so called "neutron economy" (the balance between neutron emission and captures) is based. Many authors (see e.g. Rayet & Hashimoto 2000; The et al. 2000; Rayet et al. 2001; Costa et al. 2000 Costa et al. , 2003 , hereafter Paper I and Paper II respectively) examined the impact of these uncertainties on the s-process weak component yields.
Less work has been done on the astrophysical side concerning the stellar evolution modelling. In particular the lack of a truly self-consistent convection theory is still one of the major problems in stellar structure calculations and it can be a significant source of uncertainty for nucleosynthesis processes connected to stellar evolution, like the s-process weak component.
Some "weak component" s-process calculations performed so far have been developed using stellar evolution codes based on simple mixing length theory without overshooting (see e.g. Rayet & Hashimoto 2000; . However the overshooting may affect s-process nucleosynthesis in massive stars by giving rise to an increase of the convective core mass. This provides an increase of the amount of stellar material which is involved in the s-process, because matter originally lying in stellar regions with too low temperatures to allow the main neutron source to work ( 22 Mg(α, n) 25 Mg reaction becomes effective at temperatures T 2.5 × 10 8 K) is mixed towards central hotter regions. Overshooting also may change the main nuclear He-burning reaction velocity, because both the internal structure of the star and the star luminosity can be significantly modified by the increase of core mass, causing changes to He-burning lifetime. Langer et al. (1989) performed a study of the overshooting effect on s-process in massive stars using two 30 M ⊙ star models (without and with overshooting respectively). With overshooting inserted in the calculations, they report an increase of s-nuclei production (see their Table 2 ) with an enhancement factor of about 1.5-2 on final mass fractions and an increase of the average number of captured neutrons per nucleus of 56 Fe from a value of 3.6 to a value of 4.5.
Despite the existence of this work, we intend to reexamine the impact of overshooting on the s-process outcome not only because a comprehensive study of the role of overshooting on s-nucleosynthesis is needed in the framework of recent nuclear data and stellar models, but also because their approach for overshooting is based on a simple artificial enhancement of the convective core extension by a 40% fraction of pressure scale height, while a more sophisticated approach based on a diffusive algorithm is used here.
In fact in spite of the lack of a self-consistent theory for convective overshooting, the approach used in the present work, where an "overshooting parameter" f determines the extension of convectively mixed core and the overall efficiency of overshooting through a diffusion equation (see Sect. 2.1 for more details), has been tested with some success for the sun in order to find a solution to the lithium depletion puzzle (see e.g. Blöcker et al. 1998; Schlattl & Weiss 1999) . Of course, studies based on the Sun cannot be considered exhaustive to understand massive stars fluid dynamics processes because the overshooting in massive stars is concerned with the "outer" border of the central convection zone while the Sun is characterised by overshooting through the "inner" border of the external convection zone. However Salasnich et al. (1999) investigated the treatment of an internal convection zone in massive stars, using diffusion to model the convective overshooting. They give some indications on how to modify the overshooting parameter in order to account for the observed distribution of massive stars across the HR diagram and, in particular, they claim for a setting of this parameter to a value of about f = 0.015 for 20 M ⊙ stellar models. Nevertheless other authors (Young et al. 2001) suggest that overshooting parameter may be mass dependent and that massive stars require probably a larger f value. Thus, since the f value argument is still debated, we examine a whole range of possible values for the overshooting parameter f in this paper.
Moreover, we might give some contribution to fix a reliable value of the parameter f (to be used for massive stars) by comparing the solar s-nuclei abundances to the results of our s-nucleosynthesis calculations using different choices for f .
In addition, some of the problems in the model for the p-process (taking place in the type II supernovae ONe layers) might be linked to the s-process weak component efficiency (Paper I; Paper II; Rayet et al. 2001; Arnould & Goriely 2003) because the s-nuclei, synthesised via this component, are the seed for the development of the p-process. Since the uncertainties still affecting the s-process weak component play a crucial role in the sprocess efficiency and there is a lack of a detailed scrutiny of the uncertainties concerning the stellar evolution modelling (Arnould & Goriely 2003) , the present paper, where essentially the impact of the convection treatment on the s-process weak component efficiency is analysed, might also shed some more light on the model for the p-process during type II supernovae. 
Stellar model
A preliminary set of nucleosynthesis calculations has been performed with the same stellar data used in Paper I and Paper II, taken from Nomoto & Hashimoto (1988) . It is basically a model of a He star of 8 M ⊙ which is supposed to correspond to a 25 M ⊙ at the ZAMS. This model treats convection with standard mixing length theory and it does not include overshooting or mass loss.
Instead the main work presented by this paper is performed with the stellar evolution code Star2003, which is a derivative of the Garching stellar evolution code (Weiss & Schlattl 2000) developed at Max Planck Istitut für Astrophysik and improved over the years. The mixing treatment and the other main features of the code in the present version are reported here for completeness.
Mixing is described by an algorithm, based on a diffusive approach described in Blöcker et al. (1998) and Freytag et al. (1996) , that treats convection as a diffusive process.
Nuclear species abundance changes are calculated with the following diffusion equation:
where the first term on the right is the time derivative of a given isotopic abundance (mass fraction) due to nuclear reactions, while the second is the diffusive term which describes mixing. The difference among convective, overshooting and radiative regions lies on the value used for the diffusion coefficient. In convective zones the diffusion coefficient is given by:
where v c is the average velocity of convective elements derived according to the mixing length theory and l is the mixing length. For the overshooting regions, the following diffusion coefficient is used instead:
where D 0 is taken equal to the value of D conv at the upper radial edge of the convection zone established through the Schwarzchild criterion, z = |r − r edge | is the radial distance from the same edge, H p is the pressure scale height while, as outlined in Sect. 1, f is the overshooting parameter which in the end determines the overall efficiency of overshooting and the extension of convectively mixed core. For radiative zones the diffusion coefficient is put to zero, and abundance changes are only due to the nuclear reaction term.
The code also includes mass loss via the Reimer's formula (Reimer 1975) until He is exhausted in the centre (central He mass fraction less than 10 −2 ):
where stellar luminosity L, surface gravity g and stellar radius R are given in solar units, and η is an "efficiency" parameter which has been set to 0.2 for the calculations performed in this work. After central He exhaustion, mass loss is first evaluated according to the two prescriptions by Marigo et al. (1996) to model "super wind" or "Mira wind", then the smallest value among the two is used. Nevertheless, if mass loss evaluated with this method is lower than the value obtained via Reimer's formula, the latter is used.
Concerning energy generation and chemical evolution, the code includes a hydrogen burning network (pp chain, CNO cycle) and a He-C-O network, following the evolution of 12 isotopes ( 1 H, 3 He, 4 He, 12 C, 13 C, 14 N, 15 N, 16 O, 17 O, 20 Ne, 24 Mg, 28 Si). Reaction rates are taken from Caughlam et al. (1985) , and specifically the rate of 12 C(α, γ) 16 O is very close to the rate reported in the NACRE (Nuclear Astrophysics Compilation of REaction rates) compilation (Angulo et al. 1999) , which is also the one included in the s-process reaction network described in Sect. 2.2.1.
As far as the equation of state for stellar matter and the opacity tables are concerned, OPAL01 EOS tables are used (these are an updated version of OPAL96 tables, revised according to the prescriptions by Rogers (2001) ; see Bonanno et al. 2002 for details), while opacity tables are taken from OPAL (Iglesias & Rogers 1996) completed in the low-temperature regime by the tables of Alexander & Ferguson (1994) .
Concerning the starting point of stellar models calculation, many of the previous (even recent) works on the s-process in massive stars (see Paper I; Paper II; Prantzos et al. 1990; Rayet & Hashimoto 2000; Rayet et al. 2001) were based on stellar models evolved starting from a He star, neglecting the H-burning phase, and assuming the existence of a connection between the stellar mass at ZAMS and the stellar mass to use for a He star. However this connection is very uncertain and strongly dependent on the evolutionary stellar model adopted (mass loss and overshooting might cause significant changes to Heburning stellar models features according to the approach adopted to treat these physical effects), so in the work presented here the models are evolved starting from ZAMS until the end of core He-burning. 
The nucleosynthesis code
The s-nucleosynthesis code used here has been developed from scratch. It makes use of a differential equation solver based on the implicit Kaps-Rentrop method. This method is a special form of a Runge-Kutta fourth-order implicit scheme which provides an estimate of the "truncation error" associated with each single integration step (see Press et al. 1996 for details), so that settings concerning to precision requests can be based on truncation error constraints (some numerical tests on the Kaps-Rentrop method and a comparison to other numerical solving procedures have been performed by Timmes (1999) ). Many of previous s-process calculations (see e.g. Paper I, Paper II, Rayet et al. 1995 , Rayet & Hashimoto 2000 were based on the Wagoner two-step linearisation procedure (Wagoner 1969 ). The Wagoner method does not provide any error estimate, so that precision is only grounded on empirical basis, like putting a limit on the relative variations of isotopic abundances from one time step to the next.
As regards the coupling of nucleosynthesis simulations with stellar evolution data, the "post-processing" technique is used. Temperature, density, convection zone extension histories are first calculated through the stellar evolution code Star2003 or taken from stellar model used in Paper I and Paper II (see previous Sect.), and then these data are used by the s-nucleosynthesis code to integrate the nucleosynthesis differential equations. This technique can be easily applied to stellar model zones where convection does not occur, because in these layers nucleosynthesis occurs according to local physical conditions and no mixing has to be taken into account, so that the nucleosynthesis network can be separately integrated for each of the stellar model layers. In order to apply the postprocessing technique to the convective core, the prescriptions described by Prantzos et al. (1987) are used in our snucleosynthesis code. Unfortunately they do not say how to include the effects due to changes of convection zone borders position with time. A suggestion on how to treat this effects is present in Kippenhahn & Weigert (1990) and a brief description of the complete procedure used by the code is reported here.
IfẊ is the "local" rate of change of the mass fraction of a given isotope (due to local physical conditions),ṁ 1 andṁ 2 are the time derivatives of convection zone borders position (mass coordinates), M c = (m 2 − m 1 ) is the convection zone mass extension, X 1 and X 2 are the mass fractions of the same isotope just below and above the convection zone (a mass fraction discontinuity can generally be present in convection zone borders), χ is the average mass fraction uniformly valid all over the convection zone for the given isotope, then the rate of change of χ may be expressed as follows:
The first term on the right needs the evaluation of "averaged" rates and this is the term whose treatment is described by Prantzos et al. (1987) , while the second and third terms are implemented in our code in order to treat convection zone border changes. The second term on the right side of eq. 5 is considered only whenṁ 1 < 0, while the third term is considered only whenṁ 2 > 0, which means that these two terms take into account the inclusion of not previously mixed material into the convection zone when this latter expands. That is why the two terms above are not considered when the convection zone shrinks. Another important aspect, which has to be taken into account when coupling the stellar model with the snucleosynthesis code, is connected to the mixing inside the convective core. While the stellar evolution code uses diffusion to model the mixing (see Sect. 2.1), in the snucleosynthesis code instantaneous mixing is assumed for all species except neutrons and no mixing is supposed to occur to neutrons (these assumptions in the snucleosynthesis code are considered plausible for the peculiar case of the s-process; see Prantzos et al. 1987 for details). Thus the overall procedure is not strictly self-consistent but this should not have important consequences as long as the wide uncertainties in stellar structure, due convection uncertainties, are under study. A more refined and self-consistent approach will be presented in a future paper.
The reaction network
The s-nucleosynthesis code uses a much wider nuclear network than the one used by the stellar evolution code. The network is the same used in Paper I, Paper II, Rayet & Hashimoto (2000) , Rayet et al. (2001) for the list of included isotopes and the list of included nuclear reactions (a total number of 472 isotopes and 834 reactions are used), but differences are present in the reaction rates. In particular rates from the Network Generator v4.2.2 1 (Jorissen & Goriely 2001) are used for the main work presented by this paper.
In order to test the s-nucleosynthesis code, a preliminary s-process calculation has been performed with the same rates and stellar model used in Paper I and Paper II, to be sure that the code is able to reproduce old results (hereafter the rates used in this calculation are named "old rates"). Moreover another calculation has been performed with the stellar model used in Paper I and Paper II but with the rates used here to produce new results. The goal of this second calculation is to have a brief analysis of the impact of these new rates, in order to make the new results (i.e. s-process calculations which use the new rates with the stellar evolution data calculated by the stellar evolution code Star2003) comparable to older ones and concentrate on the analysis of convective overshooting on s-nucleosynthesis.
Results
To estimate the impact of convective overshooting on the s-process efficiency, we have performed s-process simulations with 25 M ⊙ (ZAMS mass) stellar models having solar-like initial metallicity 2 , evaluated with the stellar evolution code Star2003 (see Sect. 2.1), for mixing length parameter α = 1.7, 2.0 and for overshooting parameter f = 10 −5 (model without overshooting), 0. 
where F i is the overproduction factor, X i is the mass fraction (averaged over the convective He-burning core) of s-only nucleus i at the end of s-process, X i,⊙ is the solar mass fraction of the same nucleus and N s is the number of the s-only nuclei within the mass range; -the average overproduction factorF 0 identical to F 0 but for the 18 s-nuclei 3 within the mass range 88 ≤ A ≤ 130; -the maximum mass number A max for which the species in the 60 ≤ A ≤ A max mass range are overproduced by at least a factor of about 10 and 5 (respectively first and second value in the fourth Col. of the Tables 1, 2 2 Solar composition has been taken from Anders & Grevesse (1989) .
3 These are the nuclei indicated as "mainly" produced by the sprocess in Anders & Grevesse (1989 The results of our numerical computations are summarised through previous parameters in Table 1 and in  Table 2 for the stellar models with mixing length parameter α = 1.7 and α = 2.0 respectively. Moreover the results of two series of s-process simulations performed with the stellar model used in Paper I and Paper II, the first with their old reaction rates and the second with new ones, are reported in Table 3 . Figures 1 to 3 show the overproduction factors of the 6 s-only nuclei within the mass range 70 ≤ A ≤ 90 for α = 1.7, α = 2.0 and for the stellar model used in Paper I and Paper II. The data reported in Tables 1 and 2 show the following main features:
1. a sudden enhancement of the s-process efficiency when passing from a "no-overshooting" model ( f = 10 −5 ) to any model including overshooting, with the following enhancements for the s-process indicators: F 0 andF 0 enhanced by a factor ∼ 2-3 and ∼ 1.5-2 respectively, n c increased from values of 4.2-4.4 to values of 5.2-5.6, A max enhanced from a value around 90 to values of 104-110 (at least if a minimum overproduction factor of 5 is used to define A max ). Even the minimum adopted value for the overshooting parameter ( f = 0.01) is enough to produce a significant increase of all the relevant s-process indicators reported in the above Tables; 2. a slow change of s-process efficiency when passing from one f value to the next, as it is more clearly shown in Figs. 1 and 2 , where the overproduction factors for the lightest six s-nuclei are shown for the different f values used. For instance the biggest change 4 The value of n max is to be considered as a "lower-limit" estimate of the maximum number of potentially available neutrons, present in the form of 22 Ne. This is due to the fact that some 22 Ne has already been burned when the maximum 22 Ne molar fraction is reached during the s-process simulation. Of course, in this definition we are not taking into account the portion of 22 Ne which will be converted to something else than 25 Mg, thus not providing neutrons. in F 0 is of about a 50% enhancement from the lowest to the biggest value for each of the two data sets (α = 1.7 and α = 2.0); 3. some weird features concerning the pattern of the sprocess efficiency that does not seem to grow strictly monotonically with the chosen f values. For each of the two data sets, the main anomaly involves the model with f = 0.01 which gives birth to a more efficient s-process than the one obtained with higher f values, but minor anomalies can be noticed for other f values ( f = 0.02, 0.04 for α = 1.7 and f = 0.04 for α = 2.0) as well.
What stated at point 1. clearly shows the level of uncertainty in s-process modelling due the current lack of a self consistent theory of stellar convection and proves that the 60 A 90 mass range for the weak s-process component, which is "traditionally" reported in literature, is still affected by some uncertainties. Moreover the value used for f does have an effect on the s-process, because a slow growing of the s-process efficiency parameters with f is visible (point 2. above). However the smaller changes in the s-process efficiency indicators obtained when different f values are adopted do not allow us to give reliable suggestions to what f value could better fit solar data as we hoped at the beginning. Under the light of the shown results we might state that the current uncertainties in convection theory do actually give rise to a factor ∼ 2-3 uncertainty in the s-process efficiency, even if this uncertainty seems to be more linked to the presence or absence of an overshooting algorithm in the model rather than to the exact value of the chosen overshooting parameter. This situation would perhaps possibly change if postHe-burning stellar evolutionary phases were taken into account.
As regards the possibility to have some contribution to the s-process from stellar burning stages subsequent to core He-burning, the study conducted by Arcoragi et al. (1991) suggests that core C-burning and shell Heburning should not cause significant changes to the heavy (A 60) isotopes abundances, but the models they developed do not include overshooting. Moreover, other authors (Raiteri et al. 1993 , Hoffman et al. 2001 , Woosley et al. 2002 suggest that shell Cburning and other subsequent phases might significantly modify the heavy nuclei (A 60) isotopic abundances. According to what reported in Tables 1 and 2 (see the m.c.z.m.e. value), the adopted f value does have a big impact on the maximum extension of the convection zone, and a value over ∼ 9 M ⊙ is obtained for f = 0.04. This might bring already produced s-nuclei and some 22 Ne towards layers where mixing processes connected to the subsequent shell burning stages could collect them. So maybe, some additional investigation on the possible contribution from post-core-He-burning stages, taking into account stellar evolution and nuclear physics uncertainties should be performed. We are convinced that uncertainties in stellar evolution calculations (particularly concerning post-He burning phases) do not allow us to give a final word on the possible contribution by post-He burning phases to the s-process yields, yet.
Concerning the not strictly monotonic increase of the s-process efficiency with the f value (point 3. above), the general reason for this behaviour could be found in the non-linear nature of stellar structure and evolution equations. Looking at the values reported in Tables 1 and 2 , it appears that the m.c.z.m.e. (and the convection zone mass extension in general) grows monotonically with f , but the same is not true for the He-burning phase lifetime. It can be easily noticed that the pattern followed by the Heburning lifetime values roughly follows the one of the F 0 , n c and n max values for both the data sets. This could be interpreted considering that, while the extension of the convection zone has a direct impact on the amount of material available for He-burning and its correlated nucleosynthesis processes, the duration of the process determines the s-process lifetime and the correlated amount of neutron exposure on the s-seeds (mainly 56 Fe), so the greater duration of the s-process for the models with f = 0.01 (compared to other models with overshooting) is probably the reason for the enhancement of the s-process efficiency.
There could be other explanations for the other anomalies present in the above reported data. Referring to the α = 1.7, f = 0.025 model, its efficiency appears to be lower compared to that of the α = 1.7, f = 0.02 model, despite the corresponding lifetimes follow a "correct" increasing order. The reason for this results might be understood according to a peculiarity of this stellar model (see Fig. 4 ): it is true that the f = 0.025 model has a higher m.c.z.m.e., but for most of the time the f = 0.02 model shows a larger convection zone, and the s-process efficiency reflects this feature too.
For the models with f = 0.04, the lowering of the s-process efficiency compared to other models could be due to a numerical resolution effect. The mass grid used in the stellar model is less and less refined when moving from the centre towards the surface, at least for the first ∼ 10 M ⊙ . This means that the most external stellar model mesh point involved in the s-process calculations includes also a portion of stellar matter which would not give rise to s-process reactions and mixing if the mass grid were more refined. When evaluating average overproduction factors, a portion of "inert" stellar matter is then included in the calculations, so that the corresponding average overproduction values might be underestimated. The greater the extension of the convection zone, the more this effect is visible, so that the f = 0.04 models are more than others affected by this effect.
As regards the n c and n max values, the difference by a factor ∼ 6-8 between n c and n max , which is found in all calculations, is an indication that only a small fraction of the neutrons available in the form of 22 Ne (the primary neutron source) is actually consumed by the star to produce s-nuclei, because the greatest part of 22 Ne is consumed through something else than the 22 Ne(α, n) 25 Mg channel or the produced neutrons are captured by neutron poisons. This is probably the reason for the strong enhancement of the s-process efficiency reported in Paper I when using a higher value for the 22 Ne(α, n) 25 Mg reaction rate, because a greater fraction of 22 Ne can be converted to 25 Mg increasing the production of neutrons.
Concerning the s-process reaction rates, Table 3 and Fig. 3 report a comparison between the s-process obtained with our s-nucleosynthesis code for the stellar model used in Paper I and Paper II but for two different set of reaction rates (named old and new rates; see Sect. 2.2.1). The results obtained with old rates have been used to test the trustfulness of our new s-nucleosynthesis code, as these data reproduce quite well those obtained in Paper I and Paper II with the same input physics (we refer to the results obtained by them with NACRE adopted values for 22 Ne(α, n) 25 Mg and 22 Ne(α, γ) 26 Mg reaction rates). Moreover it can be observed that usage of old rates in the s-nucleosynthesis code gives higher overproduction factors in lowest mass s-nuclei. The difference between the overproduction factors obtained with these rates and the ones obtained with new rates decreases for increasing mass numbers, and the situation is even inverted for A 85 where lower overproduction factors are obtained with old rates. The overall effect is that, passing from old to new rates, the F 0 value is reduced but the value of A max is unchanged and theF 0 value is increased. This behaviour is probably due to the fact that generally the new rates values are higher than the old rates values for beta decays involving nuclei with A 60 (see Fig. 5 ). In fact the higher new beta decays rates are the only marked difference between the two reaction rates data sets.
As far as the p-process is concerned. A comparison of our s-process results to those reported in Paper I (see Fig. 6 ) shows that our most efficient s-process is situated between the results obtained in Paper I with the rate R 1 and the ones with the rate R 2 , which means that our results seem to give only a little help to the well known problem of the light p-isotopes underproduction in current p-process model (Paper I, Rayet et al. 2001) . However, given the fact that the argument of the possible enhancement of the 22 Ne(α, n) 25 Mg reaction rate is still discussed (Jaeger et al. 2001 , Koehler 2002 ), a combination of a "moderatelly" enhanced s-process (referring to what would be needed for the p-process model to be satisfactory) by means of an overshooting based stellar model, and a slightly enhanced 22 Ne(α, n) 25 Mg reaction rate (like the R 2 value reported in Paper I) might possibly bring the light p-isotopes abundances coming from the p-process type II supernova model in a "solar like position".
Summary and final comments
Many s-process simulations have been performed so far by various authors, but there is still a lack of a detailed scrutiny of the impact of the stellar evolution modelling uncertainties on the s-process weak component. In this paper we have described a new study concerning the development of s-process in massive stars, in order to concentrate on the uncertainties due to convection theory and to the convective overshooting treatment in particular.
Stellar models of 25 M ⊙ with initial solar metallicity have been evolved until He exhaustion in the core, using a range of possible values for the overhooting parameter f , determining the main behaviour of the diffusive algorithm in the overshooting region. Then the model data have been used to "post-process" the stellar isotopic composition with a new s-nucleosynthesis code.
Models using overshooting give rise to a "better performance" in terms of s-process efficiency compared with "no-overshooting" models, thus confirming what stated by Langer et al. (1989) with their simplified treatment of overshooting. Besides, our results go further in the direction of an enhancement in the average overproduction of s-nuclei obtained with the introduction of overshooting with an increasing factor of about 2-3, compared to a factor of about 1.5-2 reported by them. Moreover, our s-process models seem to be globally more efficient than those calculated by Langer et al. (1989) , as comes out by comparing our n c values (4.2-5.6) with theirs (3.6-4.5), despite their stellar model treats a 30 M ⊙ star which should give a more efficient s-process than our 25 M ⊙ stellar models.
Less important but not negligible changes are obtained in our results with different values for the overshooting parameter f , and the link between the f value and the sprocess indicators values is nearly monotonic. As regards the connection between s-and p-process, the increase of the s-process efficiency might possibly give some help to the problem of the underproduction with respect to solar of light p-isotopes in type II supernovae.
The results reported here show that a not negligible impact on the s-process (and p-process) outcome comes from the model chosen to treat convective overshooting, but these results might be strictly dependent on the details of the convection zone evolution in our stellar models, so different stellar masses and initial metallicities could give rise to different results. Thus, as both p-and s-process can occur on a wide range of stellar masses (∼ 15-30 M ⊙ ) and metallicities (e.g. SN1987a progenitor is usually modelled as a star with initial metallicity Z ⋍ 0.3 Z ⊙ ), it might be worthwhile to extend the study described in this paper to other stellar masses and initial metallicities in order to have a wider view on the subject.
Our results, which have to be considered as a quatitave study on the range of uncertainties due to some aspects of stellar evolution models, confirm once again that many efforts have to be made concerning serious improvements in stellar models. We are convinced that in the framework of current general approaches used to treat convection in stars, the model used here can be used with some confidence, for its success in giving some answers to the lithium depletion problem in the sun. Nevertheless, we are aware of the fact that stellar convection still remain a complex fluid dynamic process, and that no stationary model based on "average physical quantities" can satisfactorily describe it, especially if advanced stellar evolutionary phases are studied.
